Abstract. Compared to the severe winter haze episodes in the North China Plain (NCP), haze pollution during summertime has 14 drawn little public attention. In this study, we present the highly time-resolved chemical composition of submicron particles (PM1) 15 measured in Beijing and Xinxiang in the NCP region during summertime to evaluate the driving factors of aerosol pollution. 
in front of the sampling line. A suite of commercial gas analyzers (Thermo Scientific) were also deployed to monitor variations in 95 the gaseous species (i.e., CO, O3, NO, NOx, and SO2).
96
For observations in Beijing, the total PM1 mass was simultaneously measured using a PM-714 Monitor (Kimoto Electric Co., Ltd., and wind direction, were reported by an automatic meteorological observation instrument (Milos520, VAISALA Inc., Finland).
99
For measurements in Xinxiang, the online PM2.5 mass concentration was measured using a heated Tapered Elemental Oscillating 100
Microbalance (TEOM series 1400a, Thermo Scientific). The temperature and RH were obtained using a Kestrel 4500 Pocket
101
Weather Tracker. 
Enhancement of nitrate formation during pollution episode

171
To effectively mitigate aerosol pollution through policy-making, the driving factors of the PM increase need to be determined. 
222
When the concentration of ammonium sulfate increases compared to that of ammonium nitrate, the parameter Y decreases and the 223 equilibrium product of NH3 and HNO3 decreases. The additional ammonium and sulfate ions make the system favorable for the 224 heterogeneous formation of ammonium nitrate, by increasing particle liquid water content but not perturbing particle pH 
226
Therefore, more ammonium sulfate in the aqueous solution will tend to increase the concentration of ammonium nitrate in the 227 particle phase. As shown in Fig. 6 , at a certain concentration of gaseous NH3, the increase of sulfate concentration results in a 7 higher ε(NO3 -
230
The influence of temperature and RH on nitrate formation was also evaluated based on ISORROPIA-Ⅱ simulations by varying 231 temperature and RH separately. As shown in Fig. S12 
239
Similar to the nitrate/sulfate ratio, the diurnal profile of KAN peaks at night due to the lower temperature and higher RH.
240
As described in Sect. 3.2, the rapid nitrate formation in this study appeared to be mainly associated with its nighttime enhancement.
241
In addition to the effects of temperature and RH, the nighttime nitrate formation pathways may also play a role. Overnight, 242 particulate nitrate primarily forms via the heterogeneous hydrolysis of N2O5 on the wet surface of aerosol (Ravishankara, 1997).
243
N2O5 is produced by the reversible reaction between NO2 and the NO3 radical, where NO2 reacts with O3 to form the NO3 radical. Table S3 .
270
For further comparison, we classified the datasets into three groups according to the location type and examined their difference after midnight, and the formation rate was higher for nitrate than for sulfate, SV-OOA, or LV-OOA.
9
Comprehensive analysis of nitrate behaviors revealed that abundant ammonia emissions in the NCP region favored the large nitrate 303 formation in summer. According to the ISORROPIA-Ⅱ thermodynamic predictions, ε(NO3 -) is significantly increased when there 304 is more gas-phase ammonia in the atmosphere. Decreased SO2 emissions have co-beneficial impacts on nitrate reduction. Lower 305 temperature and higher RH drive the equilibrium partitioning of nitrate towards the particle phase, thus increasing the particulate The shaded area indicates the results from China. 517
